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Renal bicarbonate reabsorption during bicarbonate loading. To
examine bicarbonate reabsorption at different GFR's, we varied
the renal perfusion pressure in anesthetized dogs after inhibiting
autoregulation by expanding extracellular volume and infusing
ethacrynic acid. At a plasma bicarbonate concentration (PHcO3)
of 28 1 ms, bicarbonate reabsorption varied in proportion to
GFR (glomerulotubular balance). When P03 was raised to 52
2 mM at constant Pco2 and hematocrit, bicarbonate reabsorption
was reduced at all levels of filtered load. When plotted against
GFR, different results were obtained dependent on the GFR lev-
el examined. At the control GFR, bicarbonate loading reduced
bicarbonate reabsorption by 30 5%. At a GFR level about 50%
below the control GFR, bicarbonate loading increased reabsor-
tion by about one third because the inhibitory effect of raising
PHCO3 and extracellular pH was not sufficient to counteract the
stimulatory effect of a higher filtered load. At intermediate levels
of GFR, a rise in Pco3 did not alter bicarbonate reabsorption.
The finding that acetazolamide (30 mg/kg of body wt) at high
Po3 failed to reduce bicarbonate reabsorption supports the hy-
pothesis that the depressive effect of high extracellular pH on
bicarbonate reabsorption may be attributed to reduced net tubu-
lar hydrogen ion secretion.
Reabsorption rénale de bicarbonate au cours de Ia charge en
bicarbonate. Afin d'étudier Ia reabsorption de bicarbonate a dif-
fCrents debits de filtration glomérulaire, la pression de perfusion
rénale a été modifiée chez des chiens anesthésiés après inhibi-
tion de l'autorégulation, obtenue par l'expansion du volume ex-
tracellulaire et Ia perfusion d'acide étacrynique. A la concentra-
tion plasmatique de bicarbonate (P0) de 28 1 mrsi, Ia réab-
sorption de bicarbonate vane en proportion de GFR (Cquilibre
glomdrulotubulaire). Quant PHCO est augmentd a 52 2 flM, a
Pco2, et hématocrite constants, a reabsorption de bicarbonate
est diminuée pour toutes les valeurs du debit filtré. Quand Ia
reabsorption de bicarbonate est étudide en fonction du debit de
filtration glomérulaire des résultats différents sont obtenus, qui
dependent du niveau de GFR. Aux valeurs contrôles de GFR Ia
charge en bicarbonate réduit Ia reabsorption de bicarbonate de
30 5%. Pour un GFR de 50% de Ia valeur contróle, Ia charge en
bicarbonate augmente Ia reabsorption d'environ un tiers, car
l'effet inhibiteur de l'augmentation de PHCO, et du pH extra-
cellulaire n'est pas suffisant pour contrebalancer l'effet stim-
ulateur de l'augmentation de Ia charge filtrde. Aux niveaux
intermédiaires de GFR une augmentation de P0 ne modifie
pas La reabsorption de bicarbonate. La constatation que
l'acétazolamide (30 mg/kg de poids corporel) n'affecte pas la
reabsorption de bicarbonate pour les valeurs Clevées de P03
étaie l'hypothése selon laquelle 1-effet dépresseur de pH extra-
cellulaire élevé sur Ia reabsorption de bicarbonate peut Ctre
attribué I une diminution de Ia sécrétion nette dion hydrogCne.
In a classical paper on renal regulation of acid
base balance, Pitts and Lotspeich [lii showed in ex-
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periments on dogs that it was not possible to in-
crease the reabsorption of bicarbonate by raising
the plasma bicarbonate concentration above 25-
28 mtvt but that the reabsorption of bicarbonate in-
creased in proportion to the GFR. Why bicarbonate
reabsorption can be increased by raising the GFR
but not by raising the plasma bicarbonate concen-
tration at a constant GFR has remained unex-
plained.
The GFR can be raised in a few hours by a pro-
tein-rich meal, as was done in the experiments of
Pitts and Lotspeich [1]. Alternatively, the GFR can
be raised by raising the perfusion pressure at a high
urine flow, which impairs renal autoregulation, as
was done in acute experiments on anesthetized
dogs [2]. During the infusion of ethacrynic acid in
volume-expanded anesthetized dogs at a plasma bi-
carbonate concentration of 25—28 mt [3, 4], we
confirmed that a linear relationship exists between
bicarbonate reabsorption and GFR (glomerulotubu-
lar balance) up to GFR levels as high as or higher
than those examined by Pitts and Lotspeich [1].
Thus, the two different techniques provided the
same result. Bicarbonate reabsorption did not con-
tinue to rise, however, when GFR was increased
further [4].
This observation suggested that bicarbonate
reabsorption increases in proportion to the filtered
load but that an upper limit exists for bicarbonate
reabsorption. If this rule is valid also at a very high
plasma bicarbonate concentration, such as 50 to 60
mM, the glomerulotubular balance would apply
but the bicarbonate reabsorption would increase
steeply with the GFR and the upper limit for bi-
carbonate reabsorption would be approached at
Received for publication April 3, 1979
and in revised form September 17. 1979
0085-2538/80/0017-0577 $01.80
© 1980 by the International Society of Nephrology
578 Monclair et a!
subnormal GFR. Metabolic alkalosis, however, by
reducing extracellular hydrogen ion concentration,
might reduce net hydrogen ion secretion, particular-
ly in the proximal tubules where only a small trans-
epithelial pH difference can be maintained [5, 6].
Such an inhibitory effect would explain the failure
to increase the bicarbonate reabsorption by increas-
ing the plasma bicarbonate concentration above 25
—28 mrvi [1].
This hypothesis has been examined in the present
study on anesthetized dogs. After impairing renal
autoregulation by expanding the extracellular vol-
ume and infusing ethacrynic acid, we examined the
bicarbonate reabsorption over a wide range of
GFR' s at two plasma bicarbonate concentrations
averaging 28 I and 52 2 m. To avoid changes
in bicarbonate reabsorption caused by variations in
Pco2 [7-10], we kept the plasma Pco2 constant. The
results show that bicarbonate reabsorption is re-
duced at high plasma bicarbonate concentration.
Previous studies indicate that acetazolamide, an
inhibitor of carbonic anhydrase, reduces the capac-
ity for bicarbonate reabsorption [3, 4]. When bi-
carbonate reabsorption is already small as it is at a
low GFR [3, 4] or during metabolic acidosis [11],
the inhibitory effect of acetazolamide is absent. Un-
der these conditions, bicarbonate reabsorption is
not rate-limited by the activity of carbonic anhy-
drase, but by the delivery of bicarbonate [11]. Con-
sequently, if reduced net hydrogen ion secretion is
the rate-limiting factor in bicarbonate reabsorption
at a high plasma bicarbonate concentration, the ef-
fect of acetazolamide would be attenuated also un-
der this condition. Therefore, we examined the ef-
fect of acetazolamide after bicarbonate loading.
Methods
Experiments were carried out in 11 mongrel dogs
of both sexes, each weighing between 13 and 24 kg.
The dogs were fasted overnight but had free access
to water. Anesthesia was introduced by sodium
pentobarbital (Nembutal®), 25 mg/kg of body wt,
administered intravenously, and was maintained
with additional doses of 1 to 3 mg/kg of body wt
when necessary throughout the experiment. Free
airways were secured with an intratracheal tube,
and the animals were ventilated by a positive-pres-
sure respirator (Cyclator Mark II, The British Oxy-
gen Co. Ltd., London). Normal body temperature
was maintained with a heating pad.
Polyethylene catheters (Portex PP270) were in-
serted into the femoral vein for infusion and into the
aorta through the femoral artery for blood sampling
and continuous blood pressure recordings, which
were carried out by means of a pressure transducer
(Statham P23Gb) and a multichannel recorder (San-
born). The tip of the arterial catheter was located
below the origin of the renal arteries. Elevation of
the systemic blood pressure was obtained by carot-
id constriction, which was achieved by inflating a
pneumatic cuff [12].
The left kidney was exposed through a flank in-
cision, and the ureter was cannulated with a poly-
vinyl catheter (Portex NT/4). Nerves running along
the renal pedicle were isolated and divided. An ad-
justable aortic clamp enabled gradual reduction of
the renal perfusion pressure. Renal blood flow
(RB F) was measured by a square-wave electromag-
netic flowmeter (Nycotron, Norway) directly cali-
brated on renal and femoral arteries of the same cal-
iber by withdrawal of timed blood volumes through
the cut distal end. A nylon snare around the renal
artery, distal to the flowmeter probe, was used to
occlude the artery for zero checking of the flowme-
ter.
Experimental procedure. After surgical prepara-
tion, all dogs were volume-expanded by intra-
venous infusion of fluid in amounts corresponding
to 10 to 15% of their body weight. The infusate con-
sisted of two solutions with an identical cation com-
position but with a different chloride and bicarbo-
nate concentration (Table 1). Throughout the exper-
iments, all changes in plasma ion composition were
obtained by varying the infusion rates of these two
solutions in a reciprocal manner. After volume ex-
pansion, ethacrynic acid (Edecrine®) was adminis-
tered in a priming dose of 3 mg/kg of body wt, fol-
lowed by a continuous intravenous infusion at a rate
of 1.5 mg/kg body wthr. To measure the GFR, 51Cr-
EDTA and creatinine, and in three experiments in-
ulin also, were administered in priming doses fol-
lowed by continuous intravenous infusions, ensur-
ing arterial plasma concentrations of 1000 to 3000
cpm/ml, 10 to 20 mg/dl, and 20 to 30 mg/dl, respec-
Table 1. Composition of intravenous infusates
Solution 1
("saline")
Solution 2
("bicarbonate")
Na,rnv 134 134
K,mM 5 5
Ca, mM 3 3
Mg,!nM 2 2
Cl, mM 144 10
HCO,mM 0 134
S04, mM 2 2
H2P04,mM 1 1
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tively. All infusates were prewarmed to 38° C, and
throughout the experiments the infusion rates were
adjusted to balance urine losses. Arterial plasma
Pco2 and Po2 were frequently determined and kept
normal within narrow limits.
Measurements of tubular bicarbonate reabsorp-
tion during variations in GFR were performed first
at a plasma bicarbonate concentration of about 28
m (control). The infusion rate of solution 2 was
then increased and the infusion rate of solution I
lowered so that plasma bicarbonate concentration
was increased to about 52 m (bicarbonate loading)
while taking care to keep the plasma Pco2 and the
hematocrit constant. In both experimental periods,
the plasma bicarbonate and the sodium concentra-
tion in each dog was kept constant within narrow
limits while measurements were taken over a wide
range of GFR. Because renal autoregulation was
abolished by volume expansion and infusion of eth-
acrynic acid [2], the GFR varied with the renal per-
fusion pressure, which was increased by carotid
constriction and decreased by aortic constriction.
In 9 of the dogs, control measurements with no
arterial constriction were repeated immediately be-
fore the bicarbonate loading, and the results did not
deviate significantly from the first control; GFR av-
eraged 98 4% of the initial GFR level.
At a high plasma bicarbonate concentration, 5
dogs were examined also after intravenous infusion
of acetazolamide (Diamox5), 30 mg/kg of body wt.
Because acetazolamide invariably reduced GFR,
measurements were also obtained during carotid
constriction, which restored GFR to pre-
acetazolamide levels.
In all experiments, urine samples were collected
twice at each step of renal perfusion pressure.
Urine was only sampled during conditions of con-
stant urine flow, and the collection periods lasted
for 2 to 5 mm. Arterial blood was sampled between
the urine collection periods. Blood and urine sam-
ples were also taken anaerobically at each step of
perfusion pressure for measurements of pH and
Pco2, which were done with a pH-blood gas ana-
lyzer (IL 313, Instrumentation Laboratory, Lexing-
ton, Massachusetts). The plasma bicarbonate con-
centration was calculated from the Henderson-Has-
selbalch equation. The urinary concentration of
bicarbonate was measured by the titrimetric meth-
od of Cullen [13] as modified by Segal [14]. The he-
moglobin concentration was determined with the
cyanmethemoglobin method [15]; and the hemato-
crit, with a centrifuge (Cellocrit 2, AB Lars Ljung-
berg and Co. Stockholm, Sweden). Sodium and
potassium concentrations were measured with
a flame photometer (IL 343, Instrumentation Labo-
ratory). Plasma and urine were analyzed for creati-
nine [16] and inulin [17]: 51Cr-EDTA activity was
recorded in a well-type scintillation counter (Se-
lektronik, Hørsholm, Denmark). Creatinine clear-
ance, which was better correlated to inulin
clearance than 51Cr-EDTA clearance (creatinine
clearance = 1.01 inulin clearance + 0.28, r = 0.98),
was used as a measure of GFR. The filtered load of
bicarbonate was corrected by a Donnan factor of
1.05.
Statistical ,nethods. For comparison between ex-
perimental periods, Wilcoxon's signed rank test for
paired observations was used (each dog serving as
its own control) [18]. For comparison between
groups of dogs, Wilcoxon's signed rank test for
two samples was used [18]. Differences were re-
garded as significant at P 0.05. Unless otherwise
stated, values are given as arithmetic means 1
SEM.
Results
Effect of bicarbonate loading on bicarbonate
reabsorption and renal hemodvnamics. During con-
tinuous infusion of ethacrynic acid at a plasma bi-
carbonate concentration of 28 1 m, bicarbonate
reabsorption averaged 80 4% of the filtered load
in 11 dogs. Replacing the infusion of saline with the
infusion of bicarbonate solution (Table 1) kept the
plasma sodium concentration constant and raised
the plasma bicarbonate concentration to 52 2 mM;
plasma Pco2 was kept constant. After bicarbonate
loading, GFR was, on average, 28 4% lower than
the control GFR, which in this study is the GFR
measured without aortic or carotid constriction at a
plasma bicarbonate concentration of about 28 mM.
Bicarbonate loading reduced RBF by an average of
11 5% and mean arterial blood pressure by 14
3%. Despite a 32 10% increase in the filtered load
of bicarbonate, absolute bicarbonate reabsorption
was reduced by 23 7%, whereas bicarbonate
reabsorption per deciliter of glomerular filtrate was
not significantly changed. The hematocrit and the
hemoglobin concentration were not significantly al-
tered by bicarbonate loading. The results are sum-
marized in Table 2.
Effect of altering filtered load by vatying renal
perfusion pressure. Variations in renal perfusion
pressure permitted comparisons of bicarbonate
reabsorption before and after bicarbonate loading
either at similar filtered loads or at similar GFR's.
Comparisons at similar filtered loads showed that
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bicarbonate loading reduced absolute bicarbonate
reabsorption in all experiments. Comparisons at
similar GFR's showed different effects at low and
control GFR. Figures 1 and 2 illustrate this dis-
sociation. At plasma concentrations of about 25
m, bicarbonate reabsorption was almost complete
up to control GFR, and bicarbonate reabsorption
and GFR varied in proportion (glomerulotubular
balance). In contrast, at plasma bicarbonate con-
centrations of 54 and 44 m (Fig. 1, closed sym-
bols), bicarbonate reabsorption was raised at low
GFR (Fig. 1, right panels) despite the inhibitory ef-
fect evident in plots against filtered load (Fig. 1,
left panels). At control and higher GFR' s, the inhib-
itory effect of raising the plasma bicarbonate con-
centration became evident also in plots of bicarbon-
ate reabsorption against GFR (Fig. 2).
Figure 3 shows plots of bicarbonate reabsorption
against filtered load in three experiments with
marked depression of bicarbonate reabsorption. As
GFR was raised, there was frank excretion of bi-
carbonate even at plasma bicarbonate concentra-
tions of 27, 30, and 32 mrvt. At plasma bicarbonate
concentrations above 50 m, the increase in bi-
carbonate excretion almost equaled the increase in
filtered bicarbonate over a wide range of GFR.
The different effects of raising plasma bicarbon-
ate concentrations at low and control GFR are sum-
marized in Table 3. At a GFR of about 50% below
control, bicarbonate loading increased bicarbonate
reabsorption by about one third. In most experi-
ments, bicarbonate reabsorption approached a
maximum already at this low GFR. Hence, at con-
trol GFR, bicarbonate reabsorption was lower than
it was before bicarbonate loading, the reduction av-
eraging 30 5%. Because bicarbonate reabsorption
approached a maximum, the reduction in fractional
reabsorption was greater at control GFR than it was
at low GFR (Table 3).
Because bicarbonate loading reduced systemic
blood pressure (Table 2), the effect of aortic con-
striction was examined before bicarbonate loading.
On average, a reduction in renal perfusion pressure
by 15 4% reduced RBF by 10 7% and GFR by
22 5%. These reductions were not significantly
different from those which occurred spontaneously
after bicarbonate loading, indicating that bicarbon-
ate loading did not alter renal vascular resistance.
Effect of acetazola,'nide on bicarbonate reabsorp-
tion after bicarbonate loading. Although acetazol-
amide (30 mg/kg of body wt) during normal acid-
base conditions reduces bicarbonate reabsorption
by about 50% [3, 19], this dose of acetazolamide
had no effect on bicarbonate reabsorption in two of
the three experiments shown in Fig. 3. Acetazol-
amide reduced GFR by an average of 11 1% in 5
dogs. Examinations at similar GFR's in bicarbon-
ate-loaded animals before and after acetazolamide
administration, after GFR was restored by increas-
ing the renal perfusion pressure, are summarized in
Table 4. Acetazolamide did not significantly reduce
bicarbonate reabsorption at a plasma bicarbonate
concentration of 56 1 mtvi.
Discussion
This study in anesthetized dogs shows that a rise
in plasma bicarbonate concentration induced by bi-
carbonate loading inhibits tubular bicarbonate reab-
sorption. At the control GFR of these volume-ex-
panded dogs, the bicarbonate reabsorption de-
Table 2. Effect of bicarbonate loading on renal hemodynamics and bicarbonate reabsorption during continuous iv. infusion of ethacrynic
acid in volume-expanded dogsa
Bicarbonate
Control loading P
Plasma HC03, mM 28 1 52 2 <0.01
Plasma Na,mM 148 1 148 1 NS
PlasmaK,mM 3.7 0.1 3.4 0.1 <0.01
Arterial Pco2, ,nm Hg 38 1 39 I NS
Arterial pH 7.48 0.02 7.75 0.02 <0.01
Hemoglobin,g/d/ 9.9 0.6 9.5 0.6 NS
Hematocrit 29 2 28 1 NS
Arterialbloodpressure,mmHg 127 5 109 7 <0.01
Renal blood flow, mI/mm 313 39 279 40 <0.05
GFR,mI/min 43 3 31 2 <0.01
Urine flow,ml/min 18.4 1.4 17.0 1.3 NS
K clearance,ml/min 61 5 57 5 NS
Filtered HC03, mmolesl,nin 1.27 0.10 1.67 0.15 <0.01
HCO3reabsorption,mn2oIes/min 1.00 0.09 0.77 0.11 <0.01
HCOreabsorption/dlfiltrate,mmoIes/min 2.3 0.1 2.4 0.2 NS
Data represents the mean values SEM of duplicate clearance determinations with no carotid or aortic constriction in each of 11 dogs
(body wt., 16.6 0.9 kg). P > 0.05 was considered to be not significant (NS).
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creased when the plasma bicarbonate concentration
was raised: at a plasma bicarbonate concentration
of 50 to 60 m, the bicarbonate reabsorption was
reduced by about one third. Lowering renal arterial
perfusion pressure showed that the inhibitory ef-
fect was present at all levels of filtered load but Ihat
the relationship between bicarbonate reabsorption
and GFR was altered. In experiments performed
before bicarbonate loading at plasma bicarbonate
concentrations of 28 1 mr'i, there was a linear
relationship between bicarbonate reabsorption and
GFR (glomerulotubular balance) almost up to the
control GFR, which in these volume-expanded dogs
was about 50% higher than it was in hydropenic
dogs [20]. This observation agrees with the findings
of Pitts and Lotspeich [1] that bicarbonate reab-
sorption and GFR rose in proportion in dogs given
protein-rich meals.
In contrast, the GFR range of glomerulotubular
balance was greatly reduced by increasing the
plasma bicarbonate concentration. At a low GFR,
the filtered load is the predominant determinant of
reabsorption. Consequently, bicarbonate reabsorp-
tion at a GFR of about 50% below control was high-
er at plasma bicarbonate concentrations of 50 to 60
m than it was at 25 to 30 m. As the filtered
load was further raised after bicarbonate loading by
increasing the GFR, however, the inhibitory effect
became predominant; bicarbonate reabsorption ap-
proached a maximum and glomerulotubular balance
for bicarbonate was disrupted.
The upper panel of Fig. 4 shows the relationship
between absolute bicarbonate reabsorption and
GFR for three plasma bicarbonate concentrations:
the average plasma concentrations before and after
bicarbonate loading and the average plasma bi-
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Complete HCO reab. Complete HCO reab.
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Filtered bicarbonate, mmo/es/min G FR, rn//rn/n
Fig. 1. Relationship ben4'een reabsorbed and filtered bicarbonate (left panels) and bicarbonate reabsorption and GFR (right panels) at
control and lower GFR. Dotted lines are theoretical lines of complete reabsorption. Dashed lines (right panels) are visual best fit lines.
The plasma bicarbonate concentration (P11003) for each experimental condition is the mean value SD. C on abscissa denotes control
GFR.
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carbonate reabsorption continues to rise with the
GFR over the whole range of GFR's examined but
remains subnormal even at the highest GFR be-
cause the supply of bicarbonate is insufficient. At a
plasma bicarbonate concentration of 52 mM, the
GFR range of glomerulotubular balance is reduced
because maximal reabsorption is approached at a
GFR below control.
The lower panel of Fig. 4 shows plots of fraction-
al bicarbonate reabsorption against GFR. During
metabolic acidosis, bicarbonate does not appear in
urine even at the highest GFR, and fractional reab-
sorption is accordingly 1.0. At a plasma concentra-
tion of 28 m, fractional reabsorption is constant
when GFR is reduced below control. At a plasma
bicarbonate concentration of 52 m, fractional
reabsorption is low at control GFR and increases as
GFR is reduced (Table 3). Lemieux et al [21] exam-
ined bicarbonate reabsorption in dogs, at plasma bi-
carbonate concentrations of 35 to 40 m, during
renal arterial constriction. They concluded that
glomerulotubular balance applied, but their data
show that the fractional reabsorption increased
during arterial constriction, in agreement with our
observations.
Bicarbonate loading in the hydropenic dog may
have little or no effect on bicarbonate reabsorption.
As shown in Fig. 4, curves relating absolute bi-
carbonate reabsorption and GFR at different plasma
bicarbonate concentrations intersect, but the level
of intersection varies with plasma bicarbonate con-
centration. In this study, the average intersection
was 30 8% below the control GFR when the mean
plasma bicarbonate concentration was raised from
28 to 52 m. Because the GFR during hydropenia is
about 30% below the GFR of the volume-expanded
dog [20], bicarbonate reabsorption in the hydro-
penic dog may not be much different at plasma bi-
carbonate concentrations of 28 and 52 mM.
At high GFR's, however, the inhibitory effect of
raising the plasma bicarbonate concentration is so
Table 3. Effect of bicarbonate loading on renal bicarbonate reabsorption at low and control GFR during continuous i.v. infusion of
ethacrynic acid in volume-expanded dogsa
Low GFR
(N=8)
Control GFR
(N=6)
Control
Bicarbonate
loading P Control
Bicarbonate
loading P
Plasma HC03.mM
Arterial Pco2, rain Hg
GFR,mllmin
HCO3- reabsorption, ,nmoleslmin
Fractional HC03 reabsorption
27 1
41 1
19 2
0.51 0.05
0.95 0.02
53 2
41 I
19 2
0.70 0.08
0.66 0.64
<0.01
NS
NS
<0.01
<0.01
31 1
39 1
39 2
1.02 0.12
0.80 0.05
56 1
39 I
39 2
0.72 0.13
0.30 0.04
<0.05
NS
NS
<0.05
<0.05
Data represents the mean values SEM ofduplicate clearance determinations taken at the same perfusion pressure in each dog. N =
number of dogs.
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Fig. 2. Relationship between bicarbonate reabsorption and GFR
at control and higher GFR. Symbols and abbreviations are de-
fined in Fig. 1.
carbonate concentration during a previous study
performed during metabolic acidosis [11]. At a
plasma bicarbonate concentration of 9 mrvi, the bi-
Dog 5, 17.5 kg body wt
o HCO3' 27 1 mM
•Pco3,54±2mM
o AA+ HCO3' 56 2 mM
S...
.
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Dog 10, 15.5 kg body wt
o "HCO3' 32 1
• PHCO3,SS±3mM
o AA+ 53 1 :P
•• .
•.• $
0.5 1.0 1.5 2.0 2.5
Filtered bicarbonate, mmoles/min
Fig. 3. Relationship between reabsorbed and filtered bicarbonate
before and after bicarbonate loading and after subsequent in-
fusion of acetazolamide (AA), 30mg/kg of body wI. Symbols and
abbreviations are defined in Fig. I.
Table 4. Effect of acetazolamide (30 mg/kg body wt) on renal bicarbonate reabsorption during continuous i.v. infusion of ethacrynic acid
in volume-expanded dogs during bicarbonate loadinga
Bicarbonate
loading
Bicarbonate loading
+ acetazolamide P
Plasma HC03,mM 54 1 56 I NS
Arterial Pco2, mm Hg 42 2 45 1 NS
Arterial pH 7.73 0.02 7.72 0.01 NS
Hemoglobin,g/dl 8.7 0.8 8.6 0.6 NS
Hematocrit 26 2 26 2 NS
GFR,ml/min 37 4 37 4 NS
HC03 reabsorption, mmoles/min 0.87 0.17 0.70 0.12 NS
a Data represents the mean values SEM ofduplicate clearance determinations in each of 5 dogs (body wt., 18.6 1.6 kg). Systemic
blood pressure was raised after administration of acetazolamide to obtain similar GFR.
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pronounced that one may speculate why it has not
been detected in the earlier studies. Although not
explicitly expressed by Kurtzman [22], it is appar-
ent from some of his protocols that the bicarbonate
reabsorption in volume-expanded dogs fell by up to
40% when the plasma bicarbonate concentration
was raised from 23 to 40 mM.
Expansion of the extracellular volume has in
some studies been found to reduce bicarbonate
reabsorption [22-24]. In our experiments, the hema-
0:5 10 15 20 25 tocrit and the hemoglobin concentration were not
altered, so it is unlikely that the bicarbonate reab-
sorption was significantly influenced by variations
in the extracellular volume. Bicarbonate loading
led, however, to circulatory disturbances, with a
14% fall in mean arterial blood pressure (Table 2).
This reduction in perfusion pressure was, in these
co dogs with impaired autoregulation, associated with
a reduction in RBF and GFR. Because similar re-
ductions in RBF and GFR were obtained whether
• • the perfusion pressure was lowered by aortic con-
striction or by bicarbonate loading, and because
both GFR and RBF could be re-established by re-
0.5 1.0 1.5 2.0 2.5 storing arterial blood pressure, bicarbonate loading
did not alter the vascular resistance of the kidney.
Hence, it is not necessary to postulate a specific ef-
fect of high plasma bicarbonate concentration on
renal hemodynamics apart from that caused by re-
duced perfusion pressure.
Previous studies in dogs with impaired autoregu-
• • lation have shown that hemodynamic factors re-
lated to changes in the filtration fraction do not sig-
nificantly influence glomerulotubular balance. Fil-
tration fraction is not significantly altered by
lowering the renal arterial pressure. If GFR is re-
_____________________________________ duced by ureteral constriction during otherwise
similar experimental settings, however, RBF re-
mains constant. Filtration fraction is consequently
reduced, but the relationship between reabsorption
and GFR is the same during renal arterial and dur-
ing ureteral constriction [25]. It is therefore unlikely
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Fig. 4. Schematic drawing of the relationship between absolute
and fractional bicarbonate reabsorption and GFR during dif-
ferent metabolic acid-base conditions. Full lines denote range of
GFR covered by actual observations (present study and Refs. 4
and 11). All curves refer to observations in dogs during extra-
cellular volume expansion. For further explanation see text.
that hemodynamic factors are of significance for gb-
merulotubular balance under these experimental
conditions.
The three most important factors that may limit
bicarbonate reabsorption are the activity of carbon-
ic anhydrase, supply of bicarbonate, and net hydro-
gen ion secretion. The lack of effect of acetazol-
amide shows that the activity of carbonic anhydrase is
not rate limiting for reabsorption at high plasma bi-
carbonate concentration. Because bicarbonate sup-
ply is high, the most likely hypothesis is that net
hydrogen ion secretion is reduced either because of
reduced absolute secretion rates or increased back-
leakage of hydrogen ions. Supporting evidence is
that Giebisch et a! [26] perfused rat tubules with a
phosphate buffer and found that an increase in
plasma bicarbonate concentration from 21 to 44 mM
reduced net hyrogen ion secretion by about 50%.
Constant secretion rate and back-leakage of hydro-
gen ions along a transepithelial concentration gradi-
ent has previously been proposed to explain the
glomerulotubular balance for bicarbonate [19]. We
therefore conclude that the inhibition of bicarbon-
ate reabsorption during bicarbonate loading is not
caused by a high plasma bicarbonate concentration
itself but may be related to a high extracellular pH.
This is consonant with the fact that bicarbonate
reabsorption is inhibited when respiratory alkalosis
is developed at a high and constant plasma bicar-
bonate concentration [7].
An important consequence of the altered glomer-
ulotubular balance after bicarbonate loading is that
the return to normal tubular bicarbonate reabsorp-
tion may be impeded or stimulated dependent on
the level of GFR. At a low GFR, absolute reabsorp-
tion is higher at high than it is at normal plasma bi-
carbonate concentrations (Fig. 4). This increase in
bicarbonate reabsorption tends to perpetuate the
state of metabolic alkalosis. On the other hand, at a
high GFR, the converse is true, and surplus bi-
carbonate would be rapidly eliminated and plasma
bicarbonate concentration normalized. Under most
clinical conditions leading to metabolic alkalosis,
GFR is reduced because of a reduction in extra-
cellular volume. As recently discussed by Seldin
[27], reduction of extracellular volume is the most
important factor contributing to the maintenance of
metabolic alkalosis. Whether a rise in GFR is the
main reason why expansion of the extracellular vol-
ume during metabolic alkabosis so rapidly restores
acid-base balance remains to be explored.
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